The last two decades have witnessed a growing concern over the treatment of epilepsy in women of childbearing age, with an increased risk of major congenital malformations and possible cognitive difficulties associated with certain antiepileptic drugs. The aim here is to review the literature regarding the possible cognitive and behavioural impact of exposure to antiepileptic drugs in utero.
Introduction
Cognitive impairment or intellectual disability and maladaptive behaviour have a large impact on the present and future functioning of the child. They place a large burden on the family and are reported to present an increased cost to the wider society in terms of lower potential future earnings and the need for extra support throughout the educational system [1, 2] . It is, therefore, of paramount importance that the potential risks regarding cognitive and behavioural functioning in children exposed to antiepileptic drugs (AEDs) in utero are understood. Currently, there are several well designed prospective studies with preliminary results that should be communicated to the potential mother with epilepsy.
Intellectual and cognitive functioning
With regard to the first generation AEDs, published research completed both retrospectively and prospectively has indicated that exposure of children to either phenytoin (PHT) or phenobarbital in monotherapy or polytherapy combinations can lead to adverse effects. Exposure may lead to nonverbal deficits within the areas of performance intelligence quotient (IQ) and spatial processing [3, 4] , difficulties with verbal skills [4-6], motor abilities [7] and poorer attentional abilities [5] . A large study investigating children exposed to phenobarbital monotherapy [8] has reported that children exposed to phenobarbital did not differ from control children in terms of their IQ at 4 years of age. Others have, however, reported a higher incidence of global impairment (IQ<70) following exposure to PHT and phenobarbital in utero [9] [10] [11] [12] [13] [14] [15] . Intellectual abilities of children exposed to PHT in utero have been reported to correlate significantly with the presence of dysmorphic features [16] . There is limited evidence regarding the cognitive and intellectual functioning of adolescents and adults who were exposed to AEDs in utero. Two completed studies [3, 6] , however, report that the deficits in cognitive abilities reported following exposure to phenobarbital and PHT persist into adulthood.
The majority of the published research has focused on two second generation AEDs, which are valproate (VPA) and carbamazepine (CBZ). VPA more than CBZ has been associated with more negative outcomes and concern over the cognitive functioning of children exposed to VPA in utero remains. The most consistent finding from the published results indicates that children exposed to VPA in utero have a poorer level of language functioning and in particular a lower verbal IQ [17] [18] [19] [20] [21] . In a relatively large retrospective study, children exposed to VPA in utero were found to have a mean verbal IQ that was seven points lower than that in other children in monotherapy drug groups and children born to women with epilepsy who were not medicated during the pregnancy [17, 18] . This research also indicated that verbal IQ scores in the VPA exposed group correlated with the level of dysmorphic features [22] and that more children exposed to VPA in utero met the criteria (IQ<70) for intellectual disability [17, 18, 23] . It has also been suggested that children exposed to VPA in utero are poorer in their ability to recall faces [24] and are more distractible [17] . Cognitive deficits such as those reported above are likely to be linked to the increased need for special education for children exposed to VPA in utero. In a retrospective questionnaire-based study [25] , it was shown that a higher percentage of children exposed to VPA in utero required special education in comparison with children exposed to CBZ in utero.
There is both retrospective and prospective evidence suggesting that children exposed to CBZ in utero also appear to be poorer than controls on tasks of language and IQ [13, 19] . There have also been reports of a more general developmental delay following exposure to CBZ in utero [26, 27] . However, outcomes regarding the cognitive abilities of children exposed to CBZ in utero have been conflicting and the majority of studies have found that children exposed to CBZ in utero do not differ significantly from control children [7, 14, 20, 28] . For example, Gaily et al. [20] documented no significant difference between the IQ scores of children exposed to CBZ monotherapy (n ¼ 86) in utero and control children in a relatively large prospective study.
Recent research into the cognitive abilities of children exposed in utero to antiepileptic drugs The onset of large prospective studies designed to answer the question regarding the longer term outcome of children exposed to AEDs in utero marks a large step forward in this area of research. The Kerala Registry of Epilepsy and Pregnancy (KREP) is a registry designed to examine the birth and later abilities of the child born to a mother with epilepsy. Recent published results from this registry report on the evaluation of 395 children under the age of 2 years [29 ] . They found that children exposed to monotherapy VPA (n ¼ 71) were significantly poorer in their motor abilities than those exposed to CBZ in utero (n ¼ 101). Children exposed to VPA in utero also had the poorest mental development mean score and had the highest incidence of children falling within the impaired range (40.8%) among the other monotherapy groups (CBZ 29.7%, phenobarbital 26.8% and PHT 37.9%). These differences did not reach statistical significance, however, and the group exposed to PHT in utero did not differ greatly from the VPA group. The incidence of impaired performance was higher but again not significantly different for the polytherapy-exposed children (48.7%) in comparison with the monotherapy-exposed children (33.7%). Maternal IQ, a strong correlate of child IQ, was not measured and a control group of children born to women without epilepsy was not included. These represent weaknesses in the methodology of this study.
Further research in this area has recently come from the multicentre Neurodevelopmental Effects of Antiepileptic Drugs (NEAD) study running in the USA and in the UK [30 ,31] . Preliminary results focus on the intellectual functioning of 258 children exposed to monotherapy CBZ (n ¼ 73), VPA (n ¼ 53), lamotrigine (LTG; n ¼ 84) and PHT (n ¼ 48). After adjusting for maternal IQ and other influential factors, children of 3 years of age and younger who were exposed to VPA in utero were found to have a significantly lower level of intellectual functioning in comparison with children exposed to other AEDs [30 ,31] . More children exposed to VPA (13%) than the other monotherapy groups (CBZ ¼ 3%, LTG ¼ 2% PHT ¼ 5%) fell within the impaired range (IQ<70). There was a significant dose-effect relationship with VPA and not with the other monotherapy drugs. This is the first report regarding the cognitive abilities of children exposed to LTG in utero. As with the KREP study, the NEAD study does not have a control group to allow for comparison to be made between children exposed to an AED in utero and those representative of the general population. Both the KREP study and the NEAD study have protocols to follow their cohorts to the age of 6 years to allow for a more reliable documentation of the possible longer term effects of exposure to AEDs in utero.
There is recent evidence of the cognitive abilities of older children exposed to AEDs in utero. In a Finnish study [32 ] , the cognitive abilities of 154 children born to women with epilepsy with an IQ in the normal range were assessed along with 130 control children who were born to women without epilepsy. The cognitive domains assessed included attention, language, fine motor, visuospatial, memory and learning abilities. Analysis indicated no significant differences across any of the cognitive domains for the study group as a whole versus the control group. Interestingly, the children born to women without epilepsy who were not exposed to medication in utero were found to perform significantly poorer on the memory for names task. When children exposed to AEDs and control children were compared, children exposed to AED monotherapy performed poorer on attentional tasks than control children. Further, the children exposed to AED polytherapy performed poorer on auditory attention, sentence repetition and the fine motor task. Children exposed to VPA in utero (either as monotherapy or polytherapy; n ¼ 22) had a significantly lower score in attentional tasks and memory tasks. Although these results may be complicated by the inclusion of both monotherapy and polytherapy cases, they indicate that despite intelligence within the normal range, children exposed to VPA in utero may show deficits in specific areas of cognition.
Another recent study has followed up adolescents of 10-20 years of age [33 ], whose cognitive abilities were originally reported on by Steinhausen et al. [34] . In the previous assessment, children within this cohort were found to have a significantly poorer verbal and performance IQ if they had been exposed to medication in utero. The most recent assessment included 34% of the previous cohort. This represents a dropout rate of 4% per year, which highlights the difficulties in completing research over such a long follow-up period. The results from 116 adolescents (67 born to women with epilepsy and 49 controls) showed that exposure to all AEDs in utero with the exception of CBZ had a negative impact on later intellectual functioning. The number of participants in the follow-up study, however, was small and the lost to follow-up group was too big to allow drug comparisons. This study indicates the need for prospective studies to follow cohorts until adulthood.
The behaviour and neurodevelopmental disorders in children exposed in utero to antiepileptic drugs
The question of whether the child is at an increased risk of later behavioural difficulties has been inadequately addressed by research, although there is evidence to indicate that exposed children may be at an increased risk regardless of the individual drug exposure [19, 35] . There have been case study and retrospective reports indicating that exposure to AEDs in utero may be associated with an increased risk of the later development of autistic spectrum disorders (ASDs) [35] [36] [37] . The incidence of ASD within a retrospective population [36] of 260 children exposed to AEDs in utero was 4.6%, which is higher than the reported incidence for nonexposed children and the reported incidence in the general population (0.06%) [38] . The incidences of ASD differed between drug groups. The incidence in the children exposed to VPA monotherapy in utero was 8.9% and even higher when both the monotherapy and polytherapy treatments were taken together (11.7%). The incidence of ASD in the group of children exposed to CBZ in utero was 2.5% for monotherapy and 4.5% for both monotherapy and polytherapy CBZ treatments together. These findings were retrospective and open to an inclusion bias, however.
In addition to the reports of the incidence of ASD, there have been concerns over the more general behavioural functioning of children exposed to AEDs in utero. In a prospective study in Finland [39] , children exposed to VPA were rated as having a high level of behavioural difficulties. The differences in behavioural ratings between the children exposed to VPA and those exposed to CBZ or no AED were not significant; however, the number within each group was small (n ¼ 13).
Recent research focusing on the behavioural abilities and neurodevelopmental disorders in children exposed to antiepileptic drugs in utero
The prospective study currently being undertaken by the Liverpool and Manchester Neurodevelopment Group has enrolled 632 children (296 born to women with epilepsy and 336 born to women without epilepsy) between 2000 and 2006 from maternity hospitals in the north west of England. Preliminary results from this study report an incidence of 6.3% of ASD in children exposed to VPA in utero [40 ] . This represents a seven-fold increase in comparison with the control group (0.9%) from this cohort. The results from this prospective study are preliminary with 32% of the total cohort falling below the average age of detection and diagnosis of an ASD. At present, the increased incidence of ASD following exposure to CBZ reported previously [36] has not been found in this prospective cohort.
Summary
There is an accumulating body of evidence that children exposed to VPA in utero are at an increased risk of cognitive impairment at a young age and that exposure poses an increased risk for the later development of ASD. Research indicates that the deficits seen in younger children exposed in utero may also be evident in the adolescent years, but this requires further investigation. There is no conclusive evidence for the other AEDs but cognitive assessments following exposure to CBZ in utero have more often than not been associated with nonsignificant differences. As with VPA, there is an accumulation of negative results regarding the cognitive abilities of children exposed to either PHT or phenobarbital in utero. For all of these medications, there is insufficient evidence regarding the adaptive and maladaptive behavioural functioning of the child. Currently, there is no research into the cognitive or behavioural abilities of children exposed to most newer AEDs in utero (e.g. levetiracetam, gabapentin, topiramate); the reason for this in part is due to the length of time it takes for a sufficient number of women with epilepsy on these medications to be enrolled and their offspring followed up for an adequate period.
There are methodological difficulties with research in this area (see Nicholai et al. [41 ] for a critical review), which may account in part for conflicting results between studies. More well designed and methodologically sound research is urgently needed to inform more reliably and in more detail on the cognitive abilities of children exposed to AEDs in utero for all AEDs currently in use. Other factors that may be influential on the later cognitive abilities of the child, such as the underlying epilepsy syndrome, exposure to seizures in utero and a possible genetic predisposition, require research attention.
Conclusion
The accumulating body of evidence clearly identifies that exposure to AEDs in utero carries a risk of cognitive and behavioural problems. It is clear that more research is needed in order to allow comprehensive preconceptual advice to be given to women with epilepsy who are planning a pregnancy. Finally, there is recognition that the cognitive and behavioural impact on the child exposed to AEDs in utero cannot be ameliorated with surgical intervention and consequently greater effort should be placed on conducting research that identifies those most at risk.
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